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list0 = Range[16] 
?{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}
??????? ?????????????????




1 2 3 4
5 6 7 8
9 10 11 12
13 14 15
1 2 3 4
5 6 7 8
9 10 11 12
13 15 14










  2 
??????????????????????????


































PermutationReplace[Range[16],cycles] ? ? ? ? ?
?{1,2,3,4,5,6,7,8,9,10,11,16,13,14,15,12}?
list2 == PermutationReplace[Range[16],



































? ???? ??? ??? ????????? ??? ??
? ??? ?????????????? ???????
???????????????????????
1 2 3 4
5 6 7 8
9 10 11
13 14 15 12
1 2 3 4
8 7 6 5
9 10 11 12
16 15 14 13
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????????? ???????????? ???














(placement0 = Partition[Range[16], 4] /. 


















































???? ?i,j?????????i,i+1? , i = 1,..., 15?
???????????????? ?j,i ???i,j-1??
???????? ?????? ?1,8 ???2,7 ???3,6 ,










?10,15 = (10,11,12,13,14) ??????????
1 2 3 4
5 6 7 8
9 10 11 12
13 14 15
1 2 3 4
8 7 6 5
9 10 11 12
16 15 14 13
1 2 3 4
5 6 7 8
15 12 14
13 9 11 10
1 2 3 4
8 7 6 5
9 10 11 12
16 15 14 13
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?????????? ?? ????????????
startCf ????????? ?? ????????
????????????








?1,8? = Cycles[{{1, 2, 3, 4, 5, 6, 7}}];
?2,7? = Cycles[{{2, 3, 4, 5, 6}}];
?3,6? = Cycles[{{3, 4, 5}}];
?5,12? = Cycles[{{5, 6, 7, 8, 9, 10, 11}}];
?6,11 = Cycles[{{6, 7, 8, 9, 10}}];
?7,10? = Cycles[{{7, 8, 9}}];
?9,16? = Cycles[{{9, 10, 11, 12, 13, 14, 15}}];
?11,14? = Cycles[{{11, 12, 13}}];
?????????????????? ???? ????
???????????????
list = ??1,8 ???2,7 ???3,6 , ?5,12 ???6,11 , ?7,10 ,

































????? ? ?????????Left? ????
????? ??????Right???????????
???????????????????????





















?????? ??? ?? ?????????firstmove
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c < d < b ???????? secondmoves????











start = effectmove[desired, "Left", "Up",
"Left"];
result = try[start, 10]
The following solution was found
































list1= Flatten[realstart /. {" " -> 16}];








Solution not found, best sequence was



























































?? ???????????? ??????? ????????? ?????????? ???? ????













pl2Cf?mat_List?MatrixQ? :? Module??rule, cellconf, blank?,
rule ? ???1, 1?? ? 1, ??1, 2?? ? 2, ??1, 3?? ? 3, ??1, 4?? ? 4, ??2, 1?? ? 8, ??2, 2?? ? 7,
??2, 3?? ? 6, ??2, 4?? ? 5, ??3, 1?? ? 9, ??3, 2?? ? 10, ??3, 3?? ? 11, ??3, 4?? ? 12,
??4, 1?? ? 16, ??4, 2?? ? 15, ??4, 3?? ? 14, ??4, 4?? ? 13?;
cellconf ? ?Position?mat, ?? & ?? Range?15?? ?. rule;
blank ? Position?mat, ?? &?" " ?. rule;
If?? ? blank, ? ? 1, ?? & ?? cellconf?
(2)?????????
findPermutationReplace?lst1_, lst2_? :?
Map?lst1????? &, FindPermutation?lst2, lst1?, ?3??
permutationSignature?perm_?PermutationCyclesQ? :?
Apply?Times, ??1?^?Length ?? First?perm? ? 1??
parityQ?x_List?MatrixQ, y_List?MatrixQ? :?
permutationSignature?findPermutationReplace?pl2Cf?x?, pl2Cf?y???
? Appendix2     15???????????  [ 5 ]
viewlolol?a_List? :? Map?MatrixForm??, TableSpacing ? ?1, 1?? &, a?;
desired ? Partition? Range?16? ?. ?16 ? " "?, 4?;
(1)?????????????????????moves
moves?current_?MatrixQ? :? Module??answer, xdim, ydim, place, xpos, ypos?,
answer ? ?"Up", "Down", "Left", "Right"?;
ydim ? Length?current?;
xdim ? Length?current??1???;
place ? Position?current, " "?;
xpos ? place??1, 2??;
ypos ? place??1, 1??;
If?xpos ? xdim, answer ? Drop?answer, ?4???;
If?xpos ? 1, answer ? Drop?answer, ?3???;
If?ypos ? ydim, answer ? Drop?answer, ?2???;
If?ypos ? 1, answer ? Drop?answer, ?1???;
answer?
(2)?????????????????????effectmove
effectmove??a___, ?b___, " ", c_, d___?, e___?, "Right"? :? ?a, ?b, c, " ", d?, e?
effectmove??a___, ?b___, c_, " ", d___?, e___?, "Left"? :? ?a, ?b, " ", c, d?, e?
effectmove?a_, "Up"? :? Transpose?effectmove?Transpose?a?, "Left"??
effectmove?a_, "Down"? :? Transpose?effectmove?Transpose?a?, "Right"??
effectmove?a_List, b_String, c__String? :? effectmove?effectmove?a, b?, c?
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(3)?????????????????????? : manhattandistance
manhattandistance::incompat ? "Manhattan distance can only be computed
for matrices with tha same dimension";
manhattandistance?x_List, y_List? :?
Module??temp?, If?Dimensions?x? ? Dimensions?y?, Message?manhattandistance::incompat?,
temp ? Map?Flatten?Position?y, ??? &, x, ?2??;
temp ? temp ? Map?Flatten?Position?x, ??? &, x, ?2??;
temp ? Total?Flatten?Abs?temp?????
(4)??????????????
listscores?x_? :? Module??makemoves, ans?,
makemoves ? Map??effectmove?x, ??? &, moves?x??;
ans ? Flatten?Map?manhattandistance????1??, desired? &, makemoves??;
Transpose??ans, moves?x????
worthwhile??x___, "Right", "Left"?? :? False;
worthwhile??x___, "Left", "Right"?? :? False;
worthwhile??x___, "Up", "Down"?? :? False;
worthwhile??x___, "Down", "Up"?? :? False;
worthwhile??x___?? :? True
bestscore?x_List, y_List, delta_: 0.2? :?
If?x??1?? ? y??1?? ? delta ? ?Length?Rest?y?? ? Length?Rest?x???, True, False?
iterate?start_, ??x_, y__?, z___?? :? Module??endnode, newnodes, newseq?,
endnode ? effectmove?start, y?;
newnodes ? listscores?endnode?;
newseq ? Map?Join??First????, ?y?, Rest???? &, newnodes?;
Sort?Join?Select?newseq, worthwhile?, ?z??, bestscore??;
try?start_, n_? :? Module??temp, count?, count ? 0;
temp ? listscores?start?;
While?temp??1, 1?? ? 0 && count ? n,
temp ? iterate?start, temp?;
count ? count ? 1?;
If?count ? n && temp??1, 1?? ? 0, Print?"Solution not found, best sequence was"?,




Map?lst1????? &, FindPermutation?lst2, lst1?, ?3??
toList?mat_? :? Flatten?mat? ?. ?" " ? 16?
puzseq2cycles?puzseq_? :? MapThread?findPermutationReplace?toList??1?, toList??2?? &,
?Most?puzseq?, Rest?puzseq???
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